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Introduction
Matrix metalloproteinases (MMPs) are mostly secreted enzymes that belong to a family of zinc-and calcium-dependent proteolytic enzymes that are known to degrade the most components of the extracellular matrix (ECM) [1] . Based on their substrate specificity, MMPs are classified as collagenases, stromelysins, and gelatinases. MMP-2 and MMP-9 are the gelatinases that have potential enzymatic activity against denatured collagens (gelatin), native type IV and V collagens and elastin. Type IV collagen and laminin are common components of the basement membrane [2] . MMP-9 is predominantly produced by monocytes/macrophages and is centrally involved in pathogenesis of cancer metastasis, obesity-induced inflammation, insulin resistance, asthma etc [3] [4] [5] [6] Monocytes/macrophages abound in the sites of chronic inflammation such as areas of arthritis, atherosclerosis, and periodontal disease in which the connective tissue degradation by MMP-9 is considered to trigger the disease pathology [7] . To accomplish endothelial transmigration, monocytes transverse the sub-endothelial basement membrane and interstitial matrix that involves MMP-9-induced degradation of the basement membrane and ECM components. Inhibition of MMP-9 activation interrupted macrophage migration to the elicited site of inflammation [8] . MMP-9 is also reported to play an important role in obesity-mediated adipose tissue remodelling and obese individuals are known to have increased MMP-9 levels [9] . MMP-9 expression is typically absent or minimal in normal tissues and is greatly enhanced during inflammation and wound healing [10] . Its induction depends on activation of Toll-like receptors (TLRs) by different agonists such as pathogens associated molecular patterns (PAMPS) and other receptors activated by cytokines/chemokines [11] .
TLRs are pattern-recognition receptors highly expressed on immune cells. All TLRs share an intracellular signaling motif with interleukin (IL)-1 receptor called toll-IL1-R (TIR) domain. Recognition of microbial invasion through TLRs activates signaling to recruit several adaptor proteins to the TIR domain. Except TLR3, all TLRs share a key adaptor molecule called myeloid differentiation (MyD)-88 factor which, once recruited to TIR domain, activates IL-1 receptor-associated kinases (IRAK) family members and tumor necrosis factor-alpha receptor-associated factor (TRAF)-6. Signaling for activation of the NF-κB/mitogen-activated protein kinase (MAPK) pathways involves these adaptor molecules. Expression of the key proinflammatory cytokines that regulate the immune and inflammatory responses involves critical transcription factors such as NF-κB and AP1 [12] .
TLRs recognize the microbial lipoproteins which induce inflammation by causing NF-κB nuclear translocation resulting in cytokine production. MMP-9 is produced by various cells in response to the microbial infections [13] [14] [15] . Bacterial components are involved in the regulation of MMP-9. Wang et al. reported that peptidoglycan, a major wall component of gram positive bacteria, increases MMP-9 levels in the lung, liver and organ injury in the rat [16] . Stimulation of monocytes with LPS, a surface component of bacteria, induces a number of MMPs, including MMP-2 and MMP-9 [17] . FSL-1 (Fibroblast-stimulating lipopeptide-1; S-(2, 3 bispalmitoyloxypropyl)-CGDPKHSPKSF) is a synthesized diacylated lipopeptide mimicking a 44kDa lipoprotein of Mycoplasma salivarium known to activate the human gingival fibroblasts [18] . It induces expression of inflammatory cytokines such as IL-6, IL-8, monocyte chemotactic protein (MCP)-1 and tumor necrosis factor (TNF)-α by monocytes/ macrophages [19] . However, the role of FSL-1 in the regulation of MMP-9 in monocytic cells so far remains unclear. In addressing our study hypothesis that FSL-1 could activate the MMP-9 gene expression in monocytic cells, herein we report that FSL-1 induces MMP-9 expression in monocytic THP-1 cells and it involves activation of the MAPK pathway and regulation through NF-κB and AP-1 transcription factors.
Materials and Methods

Cell Culture
Human monocytic leukemia cell line THP-1 was purchased from American Type Culture Collection (ATCC) and grown in RPMI-1640 culture medium (Gibco, Life Technologies, Grand Island, USA) supplemented with 10% fetal bovine serum (Gibco, Life Technologies, Grand Island, NY, USA), 2mM glutamine (Gibco, Invitrogen, Grand Island, NY, USA), 1mM sodium pyruvate, 10mM HEPES, 100ug/ml Normocin 50 U/ml penicillin and 50 μg/ml streptomycin (P/S; (Gibco, Invitrogen, Grand Island, NY, USA), and incubation at 37°C (with humidity) in 5% CO 2 . THP-1-XBlue cells stably expressing a secreted embryonic alkaline phosphatase (SEAP) reporter inducible by NF-κB and AP-1 were purchased from InvivoGen (InvivoGen, San Diego, CA, USA). THP-1-XBlue cells show similar response to FSL-1 as THP-1 cells. All the experiments were performed with THP-1-XBlue cells at a cell density of 1 × 10 6 /ml in 12-well plates. THP-1-XBlue™-defMyD cells (cells deficient in MyD88 activity; MyD88-/-THP-1 cells) were also purchased from InvivoGen (InvivoGen, San Diego, CA, USA). THP-1-XBlue cells were cultured in complete RPMI medium with the addition of zeocin (200µg/ml) (InvivoGen, San Diego, CA, USA) to select for cells expressing the SEAP -NF-κB/AP-1 reporter. THP-1-XBlue™-defMyD cells were cultured in complete RPMI medium with the addition of Zeocin (200ug/ ml) and HygroGold (100ug/ml) (InvivoGen, San Diego, CA, USA) . Prior to stimulation, THP-1 cells were transferred into normal medium and plated in 12-well plates (Costar, Corning Incorporated, Corning, NY, USA) at 1×10
6 cells/well cell density unless indicated otherwise.
Cell stimulation THP-1 cells were plated in 12-well plates (Costar, Corning Incorporated, Corning, NY, USA) at 1×10
6 cells/well concentration unless indicated otherwise. Cells were stimulated with FSL-1 (a synthetic lipopeptide from Mycoplasma salivarium purchased from Invivogen; InvivoGen, San Diego, CA, USA) (50ng/ ml) or TNF-α (25nglml) for 24hr at 37°C. Cells were harvested for RNA isolation and conditioned media were collected for measuring MMP-9 secretion levels and SEAP activity. Conditioned media were collected and stored at −80°C.
Cell Transfection
THP-1 cells were washed and resuspended in fresh medium without antibiotics and transfected separately with psiRNA-hMyD88 (InvivoGen, CA, USA), psiRNA-LucGL3 (InvivoGen, CA, USA) and pmaxGFP (provided in Amaxa Noclecfector Kit V for THP-1, Lonza). 0.5ug of each psiRNA was used for the trasfection of 1 × 10 6 THP-1 cells. All transfection experiments were performed with Amaxa Cell Line Nucleofector Kit V for THP-1 (Lonza, Germany) by using Amaxa Electroporation System ( Amaxa Inc, Germany)) according to the manufacturer's protocol. Tranfection efficiency was analysed by fluorescence microscopy. 40-54 % THP-1 cells were trasfected with the plasmid. After 48 hr transfection, cells were treated with FSL-1 (50 ng/ ml) for 24 hrs.
Measurement of NF-κB/AP-1 activity
THP-1 XBlue cells (InvivoGen, San Diego, CA) are THP-1 cells stably transfected with a reporter construct, expressing a secreted embryonic alkaline phosphatase (SEAP) gene under the control of a promoter inducible by the transcription factors NF-κB and AP-1. Upon stimulation, NF-κB and AP-1 are activated and subsequently the secretion of SEAP is promoted. THP-1 XBlue cells were stimulated with FSL-1 (50ng/ml) or TNF-α (25ng/ml; positive control) for 24hr at 37°C. Levels of SEAP were detected in the conditioned media after 4 hr incubation of supernatants with Quanti-Blue medium (InvivoGen, San Diego, CA, USA) at 650nm wave length by ELISA reader.
Real Time Quantitative RT-PCR
Total RNA was extracted using RNeasy Mini Kit (Qiagen, Valencia. CA, USA). The cDNA was synthesized using 1μg of total RNA using high capacity cDNA reverse transcription kit (Applied Biosystems, Foster city, CA, USA). 50ng cDNA was used in each real-time PCR reaction. For real-time polymerase chain reaction (PCR), complementary DNA was amplified with Inventoried TaqMan Gene Expression Assay products (MMP-9: Hs00234579_m1; GAPDH: Hs03929097_g1) containing two gene-specific primers and one TaqMan MGB probe (6-FAM dye-labeled) using a TaqMan® Gene Expression Master Mix (Applied Biosystems, Foster city, CA, USA) in a 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). The mRNA levels were normalized against GAPDH mRNA and the amounts of MMP-9 mRNA relative to control were calculated with ΔΔCt-method [20] . Relative mRNA expression was expressed as fold expression over average of control gene expression. The expression level in control treatment was assumed to be 1. Values are presented as mean ± SEM. Results were analyzed statistically; P<0.05 was considered significant.
Secreted MMP-9 quantification MMP-9 secreted protein in supernatants of THP-1 cells stimulated with FSL-1 or TNF-α was quantified using sandwich ELISA following the manufacturer's instructions ((R&D systems, Minneapolis, USA).
Western blotting THP-1 cells were harvested and incubated for 30 min with lysis buffer (Tris 62.5 mM (pH 7.5), 1% Triton X-100, 10% glycerol). The lysates were then centrifuged at 14000 rpm for 10 min and the supernatants were collected. Protein concentration in the lysates was measured by Quickstart Bradford Dye Reagent , 1x Protein Assay kit (Bio-Rad Laboratories, Inc, CA). Protein (20 μg) samples were mixed with sample loading buffer, heated for 5 min at 95°C and resolved by 12% SDS-PAGE. Cellular proteins were transferred to Immuno-Blot PVDF membrane (Bio-Rad Laboratories, USA) by electro blotting. The membranes were then blocked with 5% non-fat milk in PBS for 1 h, followed by incubation with primary antibodies against p-MEK1/2, pERK1/2, p-JNK, p-p38, p-c-jun, p-IKKα/β, p-IKB, p-NF-ΚB and beta actin in 1:1000 dilution at 4°C overnight. All the primary antibodies were purchased from Cell Signaling (Cell Signaling Technology, Inc). The blots were then washed four times with TBS and incubated for 2h with HRP-conjugated secondary antibody (Promega, Madison, WI, USA). Immunoreactive bands were developed using an Amersham ECL Plus Western Blotting Detection System (GE Health Care, Buckinghamshire, UK) and visualized by Molecular Imager ® VersaDoc™ MP Imaging Systems (Bio-Rad Laboratories, Hercules, CA, USA).
Statistical analysis
Statsitical analysis was performed using GraphPad Prism software (La Jolla, CA, USA). Data are shown as mean ± standard deviation values, unless otherwise indicated. Unpaired Student t-test was used to compare means between groups. For all analyses, P value < 0.05 was considered significant.
Results
FSL-1 induces MMP-9 gene expression in THP-1 cells
In previous studies, it has been shown that FSL-1 activates different inflammatory mediators [21] . However, since MMP-9 induction by FSL-1 in THP-1 cells has yet not been studied, we are looking at the impact of FSL-1 on the regulation of MMP-9 gene expression. To investigate whether FSL-1 can induce gene expression of MMP-9, we treated THP-1 cells with commercially available mycoplasma-derived peptide FSL-1 (50ng/ml) for 24 hours. Cells and conditioned media were harvested. MMP-9 gene expression in cells was determined by real-time RT-PCR using total cellular mRNA. Conditioned medium was used to measure the concentrations of MMP-9 secreted protein by ELISA. Our data show (Fig. 1A) that MMP-9 mRNA expression levels were significantly higher (346 Fold; P = 0.001) in FSL-1-treated THP-1 cells than those of controls (cells treated with vehicle only). Concordantly, MMP-9 soluble protein levels (Fig. 1B) were significantly higher in THP-1 cell supernatants after stimulation with FSL-1 (2424±10 pg/ml; P<0.0001).
As the promoter of both the human and murine MMP-9 genes has NF-κB /AP-1 sites and It has been observed the activation NF-κB /AP-1 which is playing a role in the induction of MMP-9 in monocytic cells challenged with different components of pathogens and cytokines [22, 23] . This led us to investigate whether FSL-1 induced enhanced levels of NF-κB /AP1 activity in THP-1 cells. We confirmed the dependence of FSL-1-induced MMP-9 production on NF-κB /AP1 activation using THP-1 cells expressing a reporter driven by NF-κB and AP-1 response elements. Conditioned media obtained from FSL-1-activated THP-1 cells were analyzed for NF-κB/AP-1 activity. As expected, NF-κB /AP-1 activity was strongly Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry induced (P<0.001) in conditioned media from FSL-1-treated cells (Fig. 1C ) and this correlated with MMP-9 secretion. These data suggest that FSL-1 treatment causes the release of MMP-9 from monocytic cells through the activation of NF-κB and AP-1 transcription factors.
FSL-1 induces the TLR-2-dependent regulation of MMP-9
FSL-1 can induce target cells either through stimulating a specific surface receptor or through endocytic uptake. We used TLR-2 receptor blocking antibody and isotype control antibody to treat cells before stimulation with FSL-1. Anti-TLR-2 antibody significantly decreased the FSL-1-induced MMP-9 gene expression in THP-1 cells ( Fig. 2A; P=0 .02) as well as reduced secreted MMP-9 protein levels in the conditioned media ( Fig. 2B; P=0.0008) . However, TNF-α-induced MMP-9 gene expression did not depend on TLR-2 signaling which was used as a positive control. This finding suggests that FSL-1 induces MMP-9 gene expression by signaling through TLR-2 receptor. Furthermore, pre-treatment of cells with anti-TLR-2 antibody resulted in decreased activity of NF-κB and AP-1 ( Fig. 2C ; P= 0.023).
Studies showed an important role for the internalization of TLR-2 expressed at the plasma membrane by a process dependent on clathrin and triggers specific signals to activate some genes [24] [25] [26] . To assess the role of TLR-2 internalization in the induction of MMP-9, THP-1 cells were treated with chlorpromazine (an inhibitor of clathrin dependent endocytosis) (Sigma-Aldrich, MO, USA) and methyl-β-cyclodextrin (an inhibitor of clathrin independent endocytosis) (Sigma-Aldrich, MO, USA). Treatment of the cells with chlorpromazine resulted in inhibition of MMP-9 induction by FSL-1 (Fig 3A and B) . However, methyl-β-cyclodextrin did not show any impact on the MMP-9 induction (Fig 3A and B) . Consistent with MMP- Fig. 3 . Effect of endocytosis inhibitor on TLR2 mediated MMP-9 induction. THP-1 cells were pretreated with chlorpromazine (an inhibitor of clathrin dependent endocytosis; 10uM) and Methyl-β-cyclodextrin (an inhibitor clathrin independent endocytosis; 2mM) for 1hr and then treated with FSL-1 for 24 hr. Cells and supernatants were collected. Cells were used for the Fig. 4 . MMP-9 gene expression is MyD88-dependent. THP-1-XBlue™-defMyD cells (Cells deficient in MyD88 activity) were treated with FSL-1 (50ng/ml), TNF-α (25ng/ ml) and vehicle (water; 2ul) for 24 hr. Cells and supernatants were collected. Cells were used for the isolation of total RNA to assess the MMP-9 gene expression by real-time isolation of total RNA to assess the MMP-9 gene expression by real-time RT-PCR (A). Cell culture supernatants were assayed for (B) secreted MMP-9 protein as determined by ELISA and (C) SEAP reporter activity (degree of NF-κB /AP-1 activation). The results obtained from three independent experiments are shown. The data are presented as mean ±SE. An asterisk (*) represents P-value of ˂0.05.
RT-PCR (A)
. Secreted levels of MMP-9 protein were determined in supernatants by ELISA (B). SEAP reporter activity (degree of AP-1/NF-κB activation) was also determined in cell supernatants (C). Data are shown as mean ±SE. An asterisk (*) represents P-value of ˂0.05. 9 gene expression results, FSL-1 induced NF-κB /AP-1 activity was significantly reduced (P<0.001) in conditioned media obtained from the THP-1 cells treated with chlorpromazine (Fig. 3C) . These results indicate that TLR-2 internalization facilitates NF-kB/AP-1 activation and resulting MMP-9 expression in response to FSL-1.
MMP-9 induction by FSL-1 involves recruitment of MyD88 adaptor
It is well known that MyD88 is a key adaptor molecule involved in the TLR-mediated signaling and triggering of downstream cascades which regulate the inflammatory mediators [27] . To determine whether MyD88 could be involved in the induction of MMP-9, THP-1-XBlue™-defMyD cells (cells deficient in MyD88 activity; MyD88-/-THP-1 cells) were treated with FSL-1 or TNF-α. Following FSL-1 treatment, MMP-9 expression was significantly reduced in MyD88-/-cells at both mRNA and protein levels ( Fig. 4A and B) . On the other hand, TNF-α induction of MMP-9 was not affected in MyD88-/-cells as it activates MMP-9 gene expression via MyD88-independent pathway. Furthermore, by using siRNA approach we confirmed the role of MyD88 in MMP-9 induction. These MMP-9-inducing effects of FSL-1 were decreased in THP-1 cells transfected with MyD88-specific psiRNA (Fig 5A and B) . These results demonstrate that FSL-1-induced MMP-9 gene expression requires expression of MyD88 adaptor protein. Similarly, MyD88 deficiency also led to significantly reduced activation of NF-κB/AP-1 following FSL-1 treatment (Fig. 4C) . These data suggest that FSL-1-induced up-regulation of MMP-9 gene expression in monocytic cells involves activation of NF-κB/AP-1 transcription factors through the MyD88-dependent signaling cascade.
Signaling pathways mediating FSL-1 induced MMP-9 gene expression
It was previously reported that MAP kinase signaling (ERK, JNK, p38) mediated MMP-9 release; we next asked whether these molecules also regulated the FSL-1-stimulated MMP-9 expression. Stimulation of THP-1 cells by FSL-1 increased MEK/ERK phosphorylation (Fig.  6A) . Treatment with MEK inhibitors, such as U0126 or PD98059, resulted in inhibition of ERK1/2 phosphorylation (Fig. 6B) , indicating that FSL-1 induced the activation of MEK1/2// ERK1/2 pathways in THP-1 cells. We found that JNK and p38 MAPK were also activated as indicated by the increased phosphorylation of JNK and p38 after FSL-1 treatment (Fig. 6A) . Pre-treatment with JNK inhibitor (SP600125) resulted in inhibition of c-Jun phosphorylation (Fig. 6C) . The expression of MMP-9 mRNA was blocked ( Fig. 7A; by Amaxa electroporation system. MyD88 deficient THP1 cells or wild type THP1 cells were treated with FSL-1 (50ng/ml) for 24 hr. Cells and supernatants were collected. Cells were used for the isolation of total RNA to assess the MMP-9 gene expression by real-time RT-PCR (A). Secreted levels of MMP-9 protein were determined in supernatants by ELISA (B). Data are shown as mean ±SE. An asterisk (*) represents P-value of ˂0.05.
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of different bacterial components with TLR-2 and TLR-4 are known to dictate the outcome of immune response and bacterial pathogenesis. TLR-4 mediates LPS signaling while TLR-2 is the signaling receptor for molecules such as LP (FSL-1), LTA, and PGN [38, 39] . TLR-2 is also implicated in the recognition of Gram-positive bacterial components, bacterial lipoproteins, and zymosan [40] . Accordingly, TLR-2-deficient mice displayed impaired cytokine production in response to PGN and Mycoplasma lipopeptide [36] . TLR-mediated signaling involves an important adapter protein MyD88 which is a key adaptor molecule involved in TLR-mediated signaling and triggering of downstream cascades regulating the inflammatory mediators [41] . Using MyD88-/-THP-1 monocytic cell line model or MyD88 siRNA, we show here that FSL-1-induced upregulation of the MMP-9 gene expression in these cells involved a MyD88-dependent signaling pathway. These results further confirm the involvement of TLRs as sensors of FSL-1 which initiates the MyD88-dependent signaling cascade that ultimately leads to the activation of MMP-9 gene expression through the transcription factors NF-κB and AP-1. Targeted disruption of the MyD88 gene resulted in the abrogation of NF-κB and AP-1 activities in response to FSL-1 stimulation. Studies using MyD88-deficient mouse model have revealed that this factor plays a critical role in the production of proinflammatory cytokines in response to TLR ligands [42] . It has been found that MyD88-deficient THP-1 cells display a defective response to many microbial components [43] . Our findings are corroborated by the previous study showing that cellular responses to bacterial cell wall components involved MyD88-dependent signaling cascades [44] [45] [46] . Notably, MyD88 is essential for cellular responses to IL-1, IL-18, and many bacterial cell wall components such as LPS, PGN, and LPs [41, 44, 47] . We further investigated the signaling pathways involved in the induction of MMP-9 by FSL-1 in THP-1 cells. It was previously shown that the engagement of TLRs with their agonists induced the activation of several signaling pathways, such as IKK/NF-κB, MAPK (p38, p42, and p44) and JNK in different cell types [48] . NF-κB /AP1 activation has been observed after binding of bacterial components to their target cells [49] [50] [51] . Our data show that the signaling pathways triggered in response to FSL-1-induced MMP-9 production include MEK1/2/ERK1/2, MEK5/ERK5, p38 MAPK, JNK, c-Jun and NF-κB/AP-1. Activation of the ERK and p38 was reported to occur in response to M. fermentans membrane fractions [52] . Wilhelmsen et al. reported that NF-κB and the MAPK family members-p38-MAPK, JNK, and ERK5 are all required for the TLR2-induced up-regulation of inflammatory proteins [53] . NF-κB and AP-1 triggering by FSL-1 also involved MAPK pathways. In agreement with previously published data [54] [55] [56] [57] [58] [59] indicating that the p38 MAPK was required for the activation of several transcription factors, including c-Fos and c-Jun, we hereby show that MAPK pathway activation is required for AP-1 induction in response to FSL-1 [53] . Interestingly, MAPK pathway is also required for NF-κB activation in FSL-1-stimulated THP-1 cells. At present, it is unclear whether MAPKs affects NF-κB function directly or indirectly. As our data show, pre-treatment of THP-1 cells with the inhibitors of MEK1/2-ERK1/2, MEK5/ERK5, JNK, p38 and NF-κB greatly attenuated the MMP-9 induction. It is known that MMP-9 expression is regulated by p38, JNK and NF-kB [60] . Activation of AP-1 is consistent with the strong activation of JNK and ERK1/2 by bacterial cell wall components [61] and both JNK and ERK are involved in FSL-1 induced MMP-9 regulation as we observed. MEK/ ERK pathway has been clearly indicated to contribute to cell signaling resulting in cytokine production in response to FSL-1-mediated NF-κB or AP-1 transactivation [53] . Following FSL-1 treatment, phosphorylation of the JNK and c-Jun suggests that the JNK pathway is crucial for transducing these signals. Inhibition of the FSL-1 induction of MMP-9 by JNK inhibitors corroborates essential requirements of JNK pathway. The reported effects of JNK inhibitors on the activity of NF-κB further establish a necessary role for JNK-c-Jun pathway [62] . Altogether our results support the hypothesis that JNK, MEK1/2-ERK1/2, MEK5/ ERK5, p38 MAPK and -NF-κB/AP-1 are important components of the FSL-1-mediated MMP-9 production in THP-1 monocytic cells.
In summary, we show here for the first time that FSL-1 can induce the production of MMP-9 inmonocytic THP-1 cells and that this MMP-9 gene induction is dependent on signaling through the JNK, MEK1/2-ERK1/2, MEK5/ERK5, p38 MAPK and NF-κB/ AP-1 trans-activation. The excessive MMP activity that is observed following infection is expected to cause tissue damage. MMP-9 mediated regulation of matrix environment results a large neutrophil influx at the sites of inflammation and plays a more destructive than protective role in host defense against infection. Many pathological conditions caused by bacterial components are characterized by over-expression of MMP-9 and suggesting that tight regulation of MMP-9 gene is important for normal homeostasis. Understanding the molecular mechanisms controlling MMP-9 gene expression might identify new therapeutic targets. Thus, we suggest that blocking of the target molecule(s) in the signaling cascades activated by MMP-9 in response to microbial pathogens may help alleviate the aggressiveness of infections that may cause severe inflammatory disorders in individuals, especially those with immune deficiencies.
